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Motivation

• Aerodynamic Development Typically “cut&try” 
– Slow (design time doing detailed design iterations)
– Expensive
– Relies on physical insight of designer for changes

• Automatic design to reduce time in detail   
design phase
– Improved performance
– Decreased costs
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Design Procedure

1. Solve the flow equations for r, u1, u2, u3, p
2. Solve the adjoint equations for y subject to 

appropriate boundary conditions
3. Evaluate the gradient G
4. Project G into an allowable subspace that satisfies 

any geometric constraints
5. Update the shape based on the direction of 

steepest descent
6. Return to step 1 until convergence is reached



Adjoint Methods Applied Successfully to Optimize 
Transonic and Supersonic Configurations

Reference: Martinelli, Reuther, Alonso, Rimlinger, Jameson



Automatic Redesign of 747 – Wing/Body 

Reference: Jameson, Martinelli



Transonic Performance
affected by small changes

Reference: Jameson, Martinelli



Adjoint based optimization
has been applied to full
configurations

Transonic Multipoint Design
M=0.82, CL=0.30 shown

Reference: Jameson, Martinelli, Alonso, Vassberg, Reuther



Mesh Type Comparison
• Structured

– More developed flow solvers 
– Greater computational efficiency

• Unstructured
– Ease of construction for complex 

configurations
– Efficiency of point placement
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Work Plan

• Flow & adjoint solvers are in place 
(Jameson & Martinelli)

• Write gradient formulation
• Shape modification

– More general than point movement
– Integration with CAD
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